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“The periodicity of depression in animal models
  -Time series analysis for long-term activity of model animals-”
I am Teppei Kuraya from Senshu University. I work in the Mental Clinic as a clinical 
psychologist and while research at the university. I’m interested in the periodic changes 
of the medical condition of patients with depression and understanding such clinical 
problem by use of the basic research. Today, I talk about that we examined the 
periodicity of depression in animal models. And analyzed the data that is obtained from 
experiment by time-series analysis.
The main purpose of using animal models is the assessment of antidepressant effect in 
novel compounds. For the development of new effective medicines, animal models have 
been contributed. So, animal models are important tool in the research of depression. But, 
in fact, condition of animals are merely considered depressive state. Because there is no 
way to reproduce completely the various symptoms of human depression.
Animal models of depression are created by several ways. Each models have different 
characteristics such as the complexity of operation and the drug reactivity. All of these 
have been thought the depression model. But it is not clear which model is most suitable. 
Forced swimming test is the most frequently used in previous research, because it can 
operation in a simple equipment. In this method, the mouse is dropped into the container 
that is filled with water. The mouse struggles for escape from there but a few minutes 
later the mouse stop the movement in the state of floating on the water. This state is 
called the immobility state, and thought as the depressive state. In forced swimming test, 
typically researchers focus on the short-term modification of animal behavior. That is, 
researchers consider that a decrease in the immobility state is the recovery from 
depression.
Human depression has some symptoms such as depressed mood, loss of pleasure and 
helplessness. Reproducing the individual symptom of human depression on animals have 
been devoted a lot of effort. But human depression has the characteristic periodicity other 
than various symptoms. A constellation of symptoms of depression exhibit the wave of 
worsening and remission. Because of it, even if the various symptoms recovered, the 
patient has a high risk of relapse. It is said according to the DSM-IV-TR that the 
depressive episode or one periodicity persists for 4 months or more if it is untreated. It is 
a very important problem for the therapist.
In previous research using animal models, researchers have been focused on short-term 
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modifications of animal behavior. If the depressive state is reproduced on animals, they 
should show the periodicity similar to human depression. But the long-term changes of 
animal model’s behavior have not been verified. Therefore, in this research, we examined 
the long-term changes of animal behavior, using animal model of depression.
And for the research, we obtained C57BL/6J male mice. Mice were housed singly in 
cage and could freely access food and water. Lighting environment in laboratory was 12 
hours light and dark cycle and was switched from dark period to light period at 9 a.m. 
We used the forced swimming procedure to create animal models of depression. But in 
this manner, the time course of animal models of depression cannot examine. Therefore, 
we decided to focus on the behavior of animal models in their home cage. After the 
acclimatization of 2 weeks, 8 mice were randomly divided into the experimental group 
and the control group, and started measuring the locomotor activity for 24 consecutive 
hours. After 2 weeks, from the start of the measurement, 4 mice in the experimental 
group were exposed to forced swimming individually. Forced swimming for 6 minutes 
was conducted 5 times for 5 consecutive days. Mice in the control group were placed in 
the empty container individually during the same time when the experimental group was 
exposed to the forced swimming. After forced swimming, mice were returned to their 
home cages immediately and continued measuring locomotor activity.
We measured locomotor activity of mice over 230 days. The activity transition in dark 
period of both groups were shown in figure 1. The activity transition in light period of 
both groups were shown in figure 2. Vertical dashed lines indicate the start of forced 
swimming. In both periods, the activity of experimental group was decreased from 
immediately after forced swimming. Then it mostly remained low-level compared with 
control group. The activity in light period has many spikes at short interval. It was 
thought that because the breeding work was conducted during the light period. From 
this, it was considered that these data included some factor, that is such as water and 
food feeding and cleaning in their cages, other than the activity of the mice and the effect 
of forced swimming. Therefore, we analyzed the data by time-series analysis for 
investigate the variation component.
Generally, it is considered that time-series data is the synthesis of trend, seasonal 
variation, cyclical variation and random variation. Trend is long-term change of data. 
Seasonal variation is fluctuation of constant cycle such as 1 year. And cyclical variation is 
fluctuation of irregular cycle. Observational data is composed the sum of these 
components. In this research, we used the state-space model for the analysis of each 
fluctuation components. The order of trend and cyclical variation were determined by the 
minimum AIC. The result of the estimation for the order of trend and seasonal 
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components are shown in this table. The order of seasonal variation was determined to 7 
for the reason of the weekly breeding work influenced the behavior of animals. On that 
basis, each fluctuation components were estimated for each individual.
Results of the estimation of each time-series components in dark period was shown in 
figure 3 by the mean of each group. Also, each value was shown by using logarithmic 
values. Seasonal variation of the experimental group was gradually increased with time. 
Conversely, seasonal variation of the control group was gradually decreased with time. 
Result of light period was shown in figure 4. The trend of the experimental group 
showed the up and down fluctuation. On the other hand, the trend of the control group 
showed downward tendency with time. 
It is considered that the trend as long-term tendency correspond to the periodicity of 
human depression. Therefore, the trends of both groups were showed in figure 5 and 6. 
Also, these figures were shown by moving average in order to smooth fluctuation. The 
activities of experimental group showed the transition of low-level than control group in 
both phases. In dark period, the wave of activity occurred at similar interval in both 
groups. On the other hand, in light period, the activity of both groups disappeared 
difference gradually with time and reversed.
The results suggested that although the effect of forced swimming decrease the 
activity for long-term period, not influence the periodic changes of the activity. From this, 
it is considered that the periodicity of depression is the temporal increase of the activity 
during overall decrease of it. Usually, the periodic course of depression is compared with 
unchanged stable condition as in figure 7. The horizontal broken line shows the mean of 
trend in the control group. However, the wave of the activity occurs under normal 
conditions regardless of whether animals are the depressive state or not. In other words, 
the periodicity of the activity is not specific for depression. So that, the changes that are 
typically understood as the periodicity is the state of decrease from the normal activity.
In this research, we attempted the application of the time-series analysis to animal 
behavior. We focused on the trend out of fluctuation component, as long-term changes of 
animal behavior. As a result, we found that locomotor activities decreased in long-term 
period by forced swimming. However, whether the behavior of animal other than 
locomotor activities such as the consumption of food, water intake and the sleep structure 
decreased in long-term period has remained unknown.
We don’t know the change of behavior in long-term period of other depression models. 
The prevention of relapse by the periodicity is an important task for the treatment of 
depression and therefore, the verification to the behavior of various models of depression 
in long-term period is needed. Exploring the appropriate animal models of depression will 
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bring the significant knowledge to understanding of depression. Thank you.
Kensuke Okada
Thank you very much, so any questions or comments? His talk is about extracting the 
component of depression from the big animal data. Anything? Did you also apply this 
model to individual data instead of group data?
Teppei Kuraya
Yes, I applied this model to individual data, but showed group data in today’s 
presentation.
Questioner
Is your model applicable for the human behavioral data or something, the accelerated 
method for the depressive patients or...? I mean, is your model could be application for the 
human data?
Teppei Kuraya
I can’t state about it. I have to investigate another animal models or human depression.
Questioner
You know you are absolutely right.
Kensuke Okada
But his kind of model is very much used in econometrics, right? Econometrics I think. 
This kind of time series, this model is very, very widely used, I think, even for the 
behavior econometrics data. I’m not the person to answer the question, so any other 
questions or comments? So thank you very much.
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